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1 
摘要 
本研究论文对日本囊对虾的黏着斑激酶（MjFAK）及小 G 蛋白 ADP 核糖基
化因子（MjArf4）进行了初步研究，同时建立一套有效的噬菌体展示库筛选方法




序列分析发现 MjFAK 中间含有保守的 PTK 结构域和 C 端的 FAT 结构域。MjFAK
的 Tyr399，Tyr579 被证实发生磷酸化。另外，在 WSSV 病毒感染日本囊对虾的
早期，其血细胞 MjFAK 蛋白的表达水平上调，引起 MjFAK(pY399)和
MjFAK(pY579)水平的上升。研究感染病毒的血细胞对 Fn (Fibronectin)的粘附情
况还发现，血细胞对 Fn 的粘附与 MjFAK 磷酸化水平相关。因此，我们推断对
虾血细胞 MjFAK 在病毒入侵及宿主防御中都扮演重要角色。 
Arfs 属于 Ras 家族的小 G 蛋白，我们从日本囊对虾中克隆一个属于 ClassⅡ
的 Arf （命名为 MjArf4）。研究发现，WSSV 感染 72 h 后，MjArf4 的表达水平
显著上升，提示 MjArf4 与病毒感染有着密切联系。进一步研究发现在 MjArf4 启
动子-18 bp 处含有一个保守的 CRE (cAMP response element)，启动子活性分析表
明该 CRE 在转录调控中可能有抑制 MjArf4 转录的作用。将 MjArf4 转染入 High 
Five 昆虫细胞发现，MjArf4 可能定位在高尔基体中，活性突变分析表明 MjArf4
的分布是 GTP 依赖性的。体外病毒吞噬实验发现 BFA 并不影响血细胞对病毒的
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2 
Abstract 
In our research, we are interested in the characterization of FAK (focal adhesion 
kinase) and Arf (ADP ribosylation factor), and we also established an efficient method 
of phage display screening to seek for their possible binding candidates, which will 
pave the way to study the signaling mechnism of MjFAK and its downstream small G 
proteins in the WSSV infection. 
Focal adhesion kinase (FAK), a member of non-receptor tyrosine kinase, is 
extensively addressed as pivotal roles in cell adhesion, anti-apoptosis, actin assembly, 
tumor formation and progression. Here MjFAK was characterized as the first FAK 
family protein-tyrosine kinase in crustaceans. Sequence analysis displayed that 
MjFAK shared strong similarity to FAK family protein-tyrosine kinase, including 
conserved tyrosine phosphorylation sites, PTK domain and FAT domain. Tyr397 and 
Tyr577 were found to be phosphorylated in vivo. Moreover, pMjFAK including 
MjFAK(pY397) and MjFAK(pY577) increased at the early infection stage, 
accompanied by an increase of hemocyte adhesion activity of fibronectin. These 
results suggest that pMjFAK may not only promote the WSSV infection, but also 
participate in the defense mechanism via the enhancement of the immune-cell 
adhesion. 
Arfs belong to the small G protein family. Here a member of Class ⅡArfs was 
cloned from M. japonicus (designated as MjArf4). MjArf4 was initially found to be 
upregulated significantly post infection, which indicated that MjArf4 have a 
connection with WSSV infection. The promoter of MjArf4 was analyzed and a 
conserved element CRE was found 18 bp upstream from transcription site. Promoter 
activity assay showed that CRE may have an inhibited effect on MjArf4 transcription. 
In High Five cells, MjArf4 was localized at Golgi and such distribution was 
dependant on GTP with site mutation analysis. Moreover, BFA have no effect on 
hemocyte phagocytosis of WSSV. Overall, these data provide evidence that shrimp 
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2 对虾白斑综合症病毒（white spot syndrome virus，WSSV） 

















约有 180 个开放阅读框（open reading frames，ORFs），但是大多数 ORFs 编码的
蛋白和数据库中的蛋白几乎没有同源性，即便是与在形态上很相似的昆虫杆状病
毒。仅有少数基因与其他病毒或生物的已知蛋白或结构域有较高的同源性，大部
分是一些与核苷酸代谢和 DNA 复制有关的酶类[7]。 
此前，WSSV 病毒的蛋白研究重点主要在病毒的结构蛋白上。VP28 是 WSSV
中含量 丰富的结构蛋白之一， 早由 Van Hulten 等从纯化的病毒中分离鉴定，























































4 噬菌体展示技术（Phage-display technology） 























蛋白形成融合蛋白,把目的基因如 Fab 段,单链抗体 ScFv 表达在噬菌体表面,然后
通过淘筛筛选出特异性蛋白, 后通过大肠杆菌表达系统表达出特异性蛋白。噬
菌体展示技术的一个重要构成是噬菌体载体,有许多种噬菌体可以作为载体运用
于噬菌体展示:丝状噬菌体、λ噬菌体、T4 噬菌体、T7 噬菌体[18, 19]。本实验杨海
杰构建了日本囊对虾 cDNA 的 T7 噬菌体展示库，可用于蛋白相互作用的 研究。 
 
图1 噬菌体展示库筛选流程图（摘自 NEB） 
Fig. 1 Procedure of phage display library. 
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